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ABSTRACT

Background/Purpose: The current study aimed to investigate the correlation between tumor-infiltrat-
ing lymphocytes (TILs) and immunotherapy efficacy in patients with advanced non-small cell lung can-
cer (NSCLQ).

Materials and methods: Eighty-nine patients with advanced NSCLC who received immune checkpoint
inhibitors (ICls) monotherapy were retrospectively enrolled in this study. The density of TILs in paraf-
fin-embedded pathological tissues taken before receiving ICls was quantitatively analyzed by immuno-
histochemical staining. The density of TILs was treated as a dichotomous variable using the median as
the cutoff value. The Kaplan-Meier analysis was used to assess survival differences between groups.
Univariate and multivariate Cox analyses were applied to screen out independent prognostic factors
and further construct a nomogram prediction model to predict survival.

Results: Survival analysis showed that CD8™ TiLs, CD4" TlLs, and IFN-y™ Th1 were significant positive
indicators for predicting progression-free survival (PFS) and overall survival (OS) (p < 0.05), whereas
Foxp3™ Treg were a significant negative predictor (p < 0.05). The predictive role of IL-47 Th2 was not
apparent in this study and requires further investigation and exploration (p > 0.05). The nomogram
prediction model exhibited good discriminative ability, with C-index values of 0.723 (95% ClI 0.682-
0.764) and 0.793 (95% Cl, 0.738-0.848) in the training cohort and validation cohort, respectively. The
AUC values indicated that the nomogram prediction model had high predictive value and the calibra-
tion curve presented good prediction accuracy.

Conclusions: TILs could predict the efficacy of immunotherapy and may become a promising
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Introduction

Immune checkpoint inhibitors (ICls) targeting programmed
cell death-1/programmed cell death ligand-1 (PD-1/PD-L1) or
the cytotoxic T lymphocyte antigen-4 (CTLA-4) pathway have
shown sustained clinical responses in the treatment of mul-
tiple advanced cancers, especially in advanced non-small cell
lung cancer (NSCLC) [1]. Among multiple approved immune
modulators, PD-1/PD-L1 blockade therapy has significantly
improved the durable response rate and prolonged long-
term survival with manageable adverse effects in monother-
apy and combination therapy for patients with advanced
NSCLC [2,3]. PD-1 is mainly expressed on activated T cells
and inhibits T-cell activation through binding to the PD-1
ligands, PD-L1 and PD-L2. PD-L1, the primary ligand for PD-1,
is expressed in various normal tissues and malignant cells
[4]. The expression of PD-L1 is upregulated on tumor cells in
the presence of interferon-y (IFN-y) and other cytokines in
chronic inflammation or infection. Upregulated PD-L1 binds
PD-1 on T cells, leading to the development of T-cell

exhaustion [5]. ICls blocking PD-1/PD-L1 interaction remark-
ably rescue the function of these exhausted T cells and
enhance anti-tumor immunity. Therefore, the PD-L1 expres-
sion, determined by immunohistochemical methods, has
been extensively studied as a predictor of the patients’
response to PD-1/PD-L1 blockade therapy and has proven to
be a valid biomarker. However, strong responses to immuno-
therapy in some patients with low levels of PD-L1 expression
complicate the application of PD-L1 as a predictive bio-
marker of exclusion [6,7]. In addition, tumor mutation burden
(TMB), a measure of the number of mutations in a tumor, is
emerging as a potential biomarker. The more mutations, the
more neo-antigens, and the greater the chance that one or
more of those neo-antigens will generate immunogenicity
and trigger T-cell responses [8]. Accumulating evidence sup-
ports that tumor types with high TMB will be more respon-
sive to immunotherapy regimens [9]. Although the US Food
and Drug Administration (FDA) granted tissue-agnostic accel-
erated approval for pembrolizumab in TMB >10
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mutations/Mb solid tumors in 2020 [10], diagnostic tests to
evaluate TMB are being developed and refined, and further
prospective validation studies are required for the develop-
ment of TMB as a clinical predictive biomarker.
Tumor-infiltrating lymphocytes (TILs) have conferred a pre-
dictive impact and represent a promising predictive biomarker
that needs further exploration and validation before use [11].
Among different tumor-infiltrating immune cells, including leu-
cocytes, macrophages, dendritic cells, and mast cells, TILs are
lymphocytes with a higher specific immunological response
against tumor cells [12]. The major component of the tumor
microenvironment (TME) is represented by TILs containing dif-
ferent fractions of CD4" (helper) and CD8% (cytotoxic) T lym-
phocytes. Studies have suggested that CD8" T lymphocytes
play an essential role in anti-tumor immunity and can poten-
tially be a valuable biomarker for predicting the efficacy of ICls
[13]. However, the role of CD4" T lymphocytes and their sub-
sets in response to PD-1/PD-L1 blockade therapy is to be inves-
tigated in detail, with no apparent correlation established yet
[14]. Therefore, our study will further explore the correlation
between TILs and the efficacy of immunotherapy to provide
better guidance for its application in treatment of NSCLC.

Materials and methods
Participants

This study retrospectively analyzed advanced NSCLC patients
hospitalized in Shandong Cancer Hospital, who received ICls
monotherapy from September 2019 to June 2021, and were
followed up until February 2022. The inclusion criteria of
patients were as follows: 1) pathological diagnosis of
advanced NSCLC (stage Ill or IV) or recurrence and metasta-
sis, and without epidermal growth factor receptor (EGFR)
mutation and anaplastic lymphoma kinase (ALK) rearrange-
ment; 2) had never previously received immunotherapy or
radiotherapy; 3) received at least two cycles of immune
monotherapy; 4) aged from 18 to 85years old with the
Eastern Co-operative Oncology Group (ECOG) performance
status (PS) score of 0-2; 5) the presence of evaluable lesions
on imaging according to the Response Evaluation Criteria In
Solid Tumors version 1.1. The exclusion criteria were as fol-
lows: 1) female patients with a pregnancy before or after
inclusion in the study; 2) patients with brain metastasis
symptoms or more than three brain metastases; 3) patients
having systemic diseases requiring hormone or other
immunosuppressant treatment; 4) meningeal metastasis. We
finally included 89 cases and divided them into a training
cohort and a validation cohort in a ratio of 7:3
(Supplementary Figure 1). Immunohistochemical staining and
other methods were used to analyze the infiltration density
of TILs in paraffin-embedded pathological tissue samples of
enrolled patients before receiving immunotherapy.

Immunohistochemistry analysis

The pretreatment biopsy specimens for all enrolled patients
were retrospectively collected. Sections of 3.5um thickness

were cut from formalin-fixed paraffin-embedded tissues. The
pathologist confirmed the presence of NSCLC by hematoxy-
lin and eosin (H&E) staining. H&E stained sections were gen-
erated from selected primary tumor blocks with
representative tumor regions. Slides were then stained using
an automated slide stainer for CD4 and CD8 and counter-
stained with hematoxylin. These stained slides were automat-
ically scanned using a Tissue Imaging Cytometry System and
then viewed using the Aperio ImageScope analysis system.
Finally, the immune cell infiltration density within the tumor
regions was quantitatively analyzed using the Image) soft-
ware. IFN-y/CD4, IL-4/CD4, and Foxp3/CD4 double staining
were performed using an automated slide stainer. For double
staining targets IFN-y, IL-4, and Foxp3 were stained by DAB
and the color was brown, while CD4 was stained by basic
fuchsin and the color was red. Two pathologists of inter-
mediate grade and above independently interpreted the
double-staining results.

Assessment

Overall survival (OS) was defined as the time from random-
ization to death from any cause. Progression-free survival
(PFS) was defined as the time from randomization to disease
progression or death for any reason. Response evaluation,
including complete response (CR), partial response (PR), sta-
ble disease (SD), and progressive disease (PD), was per-
formed according to the Response Evaluation Criteria in
Solid Tumors version 1.1. The independent and centralized
evaluation of treatment response was conducted by two
radiologists using a blind method.

The TILs are defined as lymphocytes within and around
cancer cells. TILs were quantified as counts of cells positive
for each marker within each square millimeter and divided
into high expression (T"9") versus low expression (T'°%)
groups by a median cutoff point to analyze the correlation
between the expression levels of each class of TILs and the
survival benefit of patients after ICI monotherapy.

Statistical analysis

The Kaplan-Meier method was used to estimate OS and PFS,
while log-rank tests were used to assess the differences in
PFS and OS between groups. Multiple comparisons were
made to analyze statistical differences between groups. The
chi-squared test and Fisher's exact test were used for the
correlation analysis of categorical variables. The Cox regres-
sion model was applied to analyze the hazard ratio (HR). A
nomogram prediction model was constructed to evaluate
the predictive value of biomarkers. Receiver operating char-
acteristic (ROC) curves were analyzed, and the area under
the curves (AUC) was calculated to assess the prediction
accuracy. The discriminatory power of the model was
assessed by the concordance index (C-index). Finally, calibra-
tion curves were plotted to evaluate and verify the perform-
ance of the nomogram. SPSS version 23.0 was used for all
statistical analyses, and the plots were generated using the
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R statistical software 4.2 and GraphPad Prism 9.0. p <0.05
was considered statistically significant.

Results
Patient characteristics

We ultimately included 89 patients with advanced NSCLC
who received ICls monotherapy for subsequent analysis.
Among them, 62 patients were divided into training cohorts,
and 27 patients were divided into validation cohorts. There
were no significant differences in baseline characteristics
such as age, gender, smoking history, and ECOG PS score

Table 1. Patient demographics and baseline characteristics.

Training cohort ~ Validation cohort

Variables Total (N=62) Total (N=27) p value
Age
>60 35 (56.5) 12 (44.4) 0.297
<60 27 (43.5) 15 (55.6)
Gender
Male 38 (61.3) 14 (51.9) 0.406
Female 24 (38.7) 13 (48.1)
Smoker/ex-smoker 26 (41.9) 9 (33.3) 0.445
ECOG PS score (0-1) 38 (61.3) 18 (66.7) 0.629
Stage
1] 19 (30.6) 6 (22.2) 0.416
\% 43 (69.4) 21 (77.8)
Histopathology
Adenocarcinoma 40 (64.5) 17 (73.0) 0.888
Squamous carcinoma 22 (35.5) 10 (37.0)
Timing of immunotherapy
First line 13 (21.0) 8 (29.6)
Second line 33 (53.2) 15 (55.6) 0.443
>Third line 16 (25.8) 4 (14.8)
Previous treatment
Chemotherapy 49 (79.0) 19 (70.4) 0.827
Anti-angiogenesis therapy 34 (54.8) 12 (44.4)
Types of ICls
Nivolumab 13 (21.0) 6 (22.2)
Pembrolizumab 9 (14.5) 10 (37.1)
Sintilimab 19 (30.6) 7 (25.9) 0.174
Camrelizumab 5(8.1) 0 (0.0)
Tislelizumab 8 (12.9) 3(11.1)
Toripalimab 8 (12.9) 13.7)

Data are shown as n (%). ECOG PS: eastern co-operative oncology group per-
formance status; ICls: immune checkpoint inhibitors.

CD8'TILs

CD4*TlILs

IFN-y* Th1
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between the training cohort and validation cohort. In the
training cohort, 13 (21%) patients received immunotherapy
in the first line of treatment, 33 (53.2%) patients in the
second line, and 16 (25.8%) patients in the third line and
beyond. The median PFS of all patients was 5.5 months, and
the median OS was 10.3 months. The other baseline charac-
teristics of the patients are shown in Table 1.

Quantification of TiLs in the training cohort

We detected the infiltration density of CD8" TILs and CD4*
TILs in paraffin-embedded pathological tissues. The expres-
sion level was measured by the number of positive lympho-
cytes per square millimeter. The study populations were
divided into the CD8" T9" and CD8" T groups as well as
the CD4* TM9" and CD4" T'°“ groups, with the respective
medians 475/mm? for CD8" and 300.5/mm? for CD4" cells
as the cutoff values.

We also focused on the correlation between CD4" T cell
subsets and the efficacy and prognosis of immunotherapy. The
CD4" T cell subsets mainly include T helper cell 1 (Th1), T
helper cell 2 (Th2), and regulatory T lymphocytes (Treg). Th1
primarily secrete IFN-vy, interleukin-2 (IL-2), and tumor necrosis
factor-o. (TNF-o1), while the Th2 cells secrete interleukin-4 (IL-4),
interleukin-5 (IL-5), and interleukin-6 (IL-6). Further, the fork-
head/winged helix transcription factor (Foxp3) is well recog-
nized as a specific marker of Treg cells. Consequently, we
considered CD4" IFN-y™ to represent Th1, CD4" IL-4" to rep-
resent Th2, and CD4" Foxp3™ to represent Treg. Patients were
similarly divided into the high- or low-expression groups using
the median expression as the cutoff value (Supplementary
Table 1). The representative pictures of high and low TILs
expression in each category are shown in Figure 1.

The correlation between TILs expression and
clinicopathological characteristics

We analyzed and compared the clinical and pathological
characteristics, including age, gender, smoking history, ECOG

IL-4*Th2

>

Figure 1. Representative pictures of TILs infiltration density by immunohistochemical staining (x200). CD8" TILs with high (a) and low (b) infiltration density.
CD4™ TILs with high (c) and low (d) infiltration density. IFN-y™ Th1 with high (e) and low (f) infiltration density. IL-4" Th2 with high (g) and low (h) infiltration

density. Foxp3™* Treg with high (i) and low (j) infiltration density.
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PS score, pathological type, disease stage, the timing of
immunotherapy, and type of ICls among patients distributed
in high and low TILs (CD8" TILs, CD4" TILs, IFN-y* Th1, IL4"
Th2, and Foxp3™ Treg) groups. The results showed no signifi-
cant differences in age, gender, smoking history, ECOG PS
score, pathological type, and other characteristics between
patients in the high and low expression groups
(Supplementary Table 2).

Predictive significance of TiLs for the efficacy of
immunotherapy

The median PFS was significantly longer in the CD8" T"9"
group than in the CD8" T°Y group (6.8 vs. 4.3months;
p=0.039; HR: 0.59; 95% Cl: 0.35-1.01). Similarly, the median
0S of the CD8™ T"9" group was also better than that of the
CD8" T°" group (12.6 vs. 9.8 months; p=0.015; HR: 0.53;
95% ClI: 0.30-0.92) (Supplementary Figure 2(a-b)). A similar
trend was observed in the CD4" T"" group with a

significantly longer median PFS (6.5 vs. 4.2 months; p =0.014;
HR: 0.54; 95% Cl: 0.31-0.93) and median OS (129 vs.
8.7 months; p < 0.01; HR: 0.41; 95% Cl: 0.23-0.73) than that of
the CD4* T°" group (Supplementary Figure 2(c-d)). These
results suggest that patients with high infiltration density of
CD8" TILs and CD4" TILs have a better prognosis after
immunotherapy.

In the CD4" TILs subset analysis, the median PFS was sig-
nificantly longer in the Th1"9" group than in the Th1'®"
group (6.3 vs. 4.3 months; p=0.049; HR: 0.60; 95% Cl: 0.36—
1.03), as was the median OS in the Th1"9" and Th1'°"groups
(12.9 vs. 8.9 months; p<0.01; HR: 0.46; 95% Cl: 0.26-0.80)
(Supplementary Figure 3(a-b)). These results suggest that
high levels of IFN-y" Th1 can be used as a biological indica-
tor of a good response to immunotherapy. Although the
median PFS (6.1 vs. 4.5months; p=0.373) and median OS
(123 vs. 9.3months; p=0.062) of the Th2"9" group was
higher than that of the Th2'°" group (Supplementary Figure
3(c-d)), there was no significant difference between the two

Univariate Cox
HR (95%CI)

Variable

P value Multivariate Cox P value

HR (95%CI)

Age

>60

<60

Gender

Male

Female
Smoker/ex-smoker
Yes

No

ECOG PS score

0-1

2 1.08(0.63-1.84)
Stage

1]

[\ 1.04(0.59-1.84)
Histopathology
Adenocarcinoma

Squamous carcinoma
Timing of immunotherapy
First line

Second line

=Third line

CD8'TILs

High

Low

CD4'TILs

High

Low

INF-y*Th1

High

Low

IL-4"Th2

High

Low

Foxp3'Treg

High

Low

1.39(0.83-2.38) 0.211

0.82(0.48-1.39) 0.470
1.07(0.64-1.81) 0.790
0.776
0.892
0.406

1.25(0.74-2.14)

0.002
<0.01

3.56(1.59-7.95)
8.75(3.40-22.56)

1.72(1.02-2.90) 0.043
1.89(1.12-3.20) 0.017
1.67(0.99-2.81) 0.053
0.378

1.26(0.75-2.12)

0.54(0.31-0.92) 0.024

3.71(1.58-8.67)
8.59(3.10-23.78)

1.53(0.88-2.65)

2.96(1.57-5.55)

0.41(0.21-0.77)

Analysis
@ Univariable
@ Multivariable

0.002 oe
<0.01

0.024 Tt

0.001 e L4

0.006

Figure 2. Forest plot for Cox regression analysis of PFS in the training cohort.
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groups. Therefore, although patients with higher IL-47 Th2
expression tended to have better outcomes with immuno-
therapy, IL-4™ Th2 could not be considered an independent
factor for predicting the efficacy of immunotherapy. Further,
in the Treg"9" and Treg'®" groups, the median PFS was sig-
nificantly lower in the Treg"9" group (5.3 vs. 6.5months;
p=0.021; HR: 1.78; 95% Cl: 1.04-3.01) (Supplementary Figure
3(e)). The median OS was also significantly lower in the
Treg"®" group than in the Treg" group (10.1 vs.
12.6 months; p=0.014; HR: 1.86; 95% Cl: 1.07-3.25)
(Supplementary Figure 3(f)). These results indicate that high
numbers of Foxp3' Treg are a negative predictor of the
patient’s response to ICls.

Nomogram construction and validation

Univariate and multivariate Cox analyses revealed that the
timing of immunotherapy and the density of CD8" TILs and
Foxp3™' Treg could be potential predictive markers for the
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outcome of immunotherapy (p < 0.05) (Figures 2,3). We then
constructed a nomogram prediction model based on the
above independent risk factors to predict 6-, 9-, and 12-
month OS (Figure 4(a)). The C-indices of the training cohort
and validation cohort were 0.723 (95% Cl: 0.682-0.764) and
0.793 (95% Cl, 0.738-0.848), respectively. The AUC of the
training cohort and validation cohort demonstrated that the
nomogram had good accuracy and discrimination (Figure
4(b-c)). Further, the calibration curves of the training cohort
and validation cohort showed that the predicted values were
consistent with the observed values, indicating that the
nomogram prediction model had good prediction accuracy
(Figure 4(d-e)).

Discussion

Currently, the sensitivity and response to immunotherapy
vary because of individual differences between patients with
advanced NSCLC. There are ICIs exhibiting promising efficacy

Variable
HR (95%Cl)

Univariate Cox P value Multivariate Cox P value

HR (95%Cl)

Age

>60

<60

Gender

Male

Female
Smoker/ex-smoker
Yes

No 1.03(0.59-1.79)
ECOG PS score

0-1

2 1.35(0.77-2.37)
Stage

1

\% 1.03(0.58-1.84)
Histopathology
Adenocarcinoma

Squamous carcinoma
Timing of immunotherapy
First line

Second line

=Third line

CD8'TILs

High

Low

CD4'TILs

High

Low

INF-y*Th1

High

Low

IL-4"Th2

High

Low

Foxp3'Treg

High

Low

1.30(0.76-2.24) 0.338

0.339

0.76(0.44-1.33)

0.914

0.300

0.927

0.779

1.08(0.62-1.89)

0.022
<0.01

2.43(1.14-5.21)
8.00(3.19-20.03)

1.97(1.12-3.44) 0.018
2.75(1.52-4.96) 0.001
2.26(1.30-3.94) 0.004
0.068

1.66(0.96-2.86)

0.48(0.27-0.88) 0.017

1.65(0.73-3.73)
6.00(2.22-16.19)

1.66(0.92-2.98)

2.73(0.89-8.32)

1.99(0.69-5.77)

0.27(0.13-0.55)

Analysis
@ Univariable
® Multivariable

0.221 > o
<0.01

0.047 S ——

0.077 4

0.200 e

<0.01

Figure 3. Forest plot for Cox regression analysis of OS in the training cohort.
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Figure 4. Nomogram prediction model construction and validation. Nomogram prediction model (a) constructed based on multivariate Cox analysis. Time-depend-
ent AUC in the training cohort (b) and validation cohort (c). nomogram calibration curves in the training cohort (d) and validation cohort (e).

in the treatment of NSCLC that is currently approved by the
FDA as first-line therapy for advanced or metastatic NSCLC,
consolidation therapy after radiotherapy and chemotherapy
in patients with unresectable locally advanced NSCLC, and
adjuvant therapy after surgical resection and chemotherapy
in patients with respectable NSCLC. However, resistance to
ICIs in lung cancer is also a common problem, either when
patients are insensitive to their efficacy or when rapid dis-
ease progression occurs after a transient response [15].
Although PD-L1 and TMB are predictive of response to
immunotherapy in the clinic, accurately predicting which
patients will respond to ICls is still tricky [16]. Therefore, it is
necessary to continue to search for suitable biomarkers to
predict the efficacy of immunotherapy and thus identify the
patients who are responsive to ICls.

Characterizing the immune infiltrate could facilitate the
evaluation of the treatment efficacy of immunotherapy.
Many studies suggest that immune-inflamed tumors, which
have a higher density of CD8" TILs than immune-desert
tumors, can elicit a potent immune response [17,18]. In the
present study, we confirmed that patients with a high

infiltrate density of CD8" TILs had a better prognosis than
patients with a low infiltrate density (p < 0.05). The CD4"
TILs also have indispensable functions in anti-tumor immune
responses. However, due to the phenotypic and functional
heterogeneity of CD4*1 T cells, different subsets are expected
to play different and even opposing roles in the tumor envir-
onment [19,20]. This study found that patients with high
expression of IFN-y" Th1 have stronger responses to ICls
(p < 0.05), which may be closely related to the fact that IFN-y
can induce an increase in PD-L1 levels on the surface of mac-
rophages and tumor cells [21]. In parallel, Ayers et al. found
that the TME of tumors responsive to pembrolizumab treat-
ment had a common feature of active IFN-y signaling [21],
consistent with the findings herein. In contrast to the well-
defined roles of Th1 cells in cancer immunity, the functions
of IL-4-producing Th2 cells are more ambiguous. In the
study, although patients with high IL-4* Th2 expression had
some benefits in immunotherapy, there was no significant
difference (p > 0.05). According to Bretscher’'s Th2-skewing
hypothesis, successful anti-tumor immunity is mediated by
Th1 and CD8"' T cells. In contrast, the universal mechanism



of tumor escape involves a substantial Th2 component in
the anti-tumor immune response. This hypothesis was pro-
posed on the basis that the Th1 and Th2 differentiation
pathways are known to antagonize each other [22,23].
However, because of the limitations of analytical techniques
and specimen number, further studies are still needed to
explore the relationship between the two. The presence of
Treg cells in the TME severely hinders ICls from exerting their
anti-tumor effect. The results of this study confirm that
patients with low Foxp3™* Treg infiltration density respond
significantly better to immunotherapy than patients with
high infiltration density (p < 0.05). Treg cells are thought to
promote cancer development by suppressing CD8" T cell
function [24,25]. Besides, Foxp3* Treg can significantly upre-
gulate the expression of surface proteins PD-1, Tim-3, CTLA-
4, and LAG-3, resulting in a highly immunosuppressive
phenotype [26,27].

The univariate and multivariate Cox analyses revealed that
CD8™ TILs, Foxp3™ Treg, and the timing of immunotherapy
were independent prognostic factors (p < 0.05). To be better
able to guide the application of immunotherapy in the clinic,
we also constructed a nomogram prediction model based on
this analysis. The prediction model exhibits good discrimin-
ation and prediction accuracy in both the training cohort
and validation cohort.

Our study demonstrates the impact of TILs on the efficacy
of immunotherapy from multiple aspects. However, this
study has certain limitations, including the retrospective
study design and the imbalance in clinical characteristics
between groups that can create inherent biases. The study
results may also be biased due to the influence of sample
size and sample specificity. Further, TILs subpopulation ana-
lysis techniques include immunohistochemistry or flow
cytometry, both of which have limitations. However, TILs
play a vital role in the tumor immune microenvironment,
and our research further confirms their predictive role in the
efficacy of patients undergoing immunotherapy and their
excellent potential as an emerging immunotherapy bio-
marker. Besides, current studies suggest that the predictive
power of any single biomarker is limited. Constructing an
integrated prediction model combining multiple biomarkers
and monitoring techniques is perhaps the best solution to
the impediments of ICIs’ efficacy prediction. We believe that
TILs will be an integral part of a comprehensive prediction
model in the future.
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